PRESSURE-SENSITIVE ADHESIVE SHEET, METHOD FOR PRODUCING THE 
SAME AND METHOD FOR USING THE SAME AS WELL AS A MULTI-LAYER SHEET 
FOR USE IN THE PRESSURE-SENSITIVE ADHESIVE SHEET AND METHOD FOR 
PRODUCING THE SAME 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a pressure-sensitive 
adhesive sheet, a method for producing the same and a method 
for processing a product using the same as well as a multi-layer 
sheet for use in such a pressure-sensitive adhesive sheet and 
a method for producing the same. In particular, the present 
invention relates to a pressure-sensitive adhesive sheet that 
is used for holding or protecting a product during the process 
of precision processing a semiconductor product such as a 
semiconductor wafer composed of silicon, gallium arsenide or 
the like or an optical product and to a multi-layer sheet that 
is used as a support such a pressure-sensitive adhesive sheet 
and a method for producing the same. 

Description of a Related Art 

In optical industries and semiconductor industries, 
pressure-sensitive adhesive sheets are used when optical parts 
such as lenses and semiconductor products such as semiconductor 
wafers are precision processed. 

For example, in the process of producing semiconductor 
chips, a semiconductor wafer having formed thereon a 
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predetermined circuit pattern such as an IC circuit is polished 
on the backside thereof so as to have a predetermined thickness 
and then transported to a dicing step in order to cut it into 
individual chips. The semiconductor wafer in itself is thin 
5 and brittle and the semiconductor wafer having the circuit 
pattern has unevenness of the surface, the semiconductor wafer 
tends to be broken if an external force is applied thereto while 
it is transported to a polishing step or dicing step. Also, 
during the polishing/processing step, the polishing treatment 
10 is performed while washing the backside of the wafer with 
purified water in order to remove polishing debris formed or 
remove the heat generated during the polishing and it is 
necessary to prevent the wafer from being contaminated by the 
polishing water or the like. For this purpose, to protect the 
15 circuit pattern surface and the like and prevent the breakage 
of the semiconductor wafer, it has been a routine in the art 
that a pressure-sensitive adhesive sheet is applied to the 
circuit pattern surface of a semiconductor wafer before the 
operation is performed and after completion of the operation 
20 the wafer is peeled off and recovered from the 
pressure-sensitive adhesive sheet. On this occasion, as the 
pressure-sensitive adhesive sheet, there have been known 
pressure-sensitive adhesive sheets that include a base material 
sheet comprised by, for example, polyethylene terephathalate 
25 (PET) , polyethylene (PE) , polypropylene (PP) , ethylene/vinyl 
acetate copolymer (EVA) or the like, having a 
pressure-sensitive adhesive layer thereon. 

Further, for example, JP-A 61-10242 discloses a film for 
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™. in processin, a siHc™ wafer. „ hi=h fu _ include8 
-teriai sheet havin g . shore „ hardness of 4Q ^ iess 
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thickness of the circui t 
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case of a pressure-sensitive adhesive sheet with a flexible base 
material such as EVA, there is no problem in the following up 
of the pattern surface by the pressure-sensitive adhesive sheet 
but there occurs a curl after the polishing of the wafer or sag 
5 under the own weight of the wafer as the base material is 
insufficient in rigidity. Accordingly, it may be conceived to 
use a base material composed of a rigid base material PET and 
a flexible base material EVA plied to each other . However , when 
such different base materials are mechanically applied to each 

10 other through an adhesive, the stress given upon the application 
remains in the film resulting in curling of the base material. 
On the other hand, in the case where a laminate is formed by 
a T~die method or by a calendaring method, it is difficult to 
obtain a thick film, so that heat shrinkage upon film formation 

15 will cause a residual stress to occur in the film. The 
pressure-sensitive adhesive sheet with a base material in which 
a residual stress has occurred as described above causes a 
problem that there occurs breakage of a wafer and a curl in the 
wafer while the wafer is being polished. In addition, when a 

20 laminate is formed by a solution coating method, use of solvents 
may cause the problem of environmental pollution. Furthermore, 
to obtain a thick film, it has been necessary to repeat coating. 

Therefore, pressure-sensitive adhesive sheets having a 
conventional base material or laminate as a base material are 

25 unsatisfactory for transporting or protecting such 
semiconductor wafers. 

SUMMARY OF THE INVENTION 
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Under the circumstances, the present invention has been 
made and has for its object to provide a pressure-sensitive 
adhesive sheet that for example, when in use in the process of 
processing products such as semiconductor wafers, provides a 
5 minimized number of semiconductor wafers during the process of 
polishing them even when the wafers are thin in thickness, that 
makes the sag of the semiconductor wafer small, and that 
produces a less curl of the wafer due to the residual stress 
of the pressure-sensitive adhesive sheet and a method for 
10 producing such a pressure-sensitive adhesive sheet as well as 
a multi-layer sheet for use in such a pressure-sensitive 
adhesive sheet and a method for producing such a multi-layer 
sheet . 

To achieve the above-mentioned object, the 
15 pressure-sensitive adhesive sheet of the present invention 
comprises a composite film comprised by a composition 
containing a urethane polymer and a vinyl polymer as effective 
components, a first film comprising a material different from 
that of the composite film, and a pressure-sensitive adhesive 
20 layer, wherein the pressure-sensitive adhesive sheet has a 
modulus of 9 N/mm 2 or more and 250 N/mm 2 or less when an oblong 
piece of the pressure-sensitive adhesive sheet with a width of 
20 mm is bent at a radius of curvature of 3.0 mm. 

Here, the pressure-sensitive adhesive sheet may have a 
25 modulus of 15 N/mm 2 or more and 250 N/mm 2 or less when an oblong 
piece of the pressure-sensitive adhesive sheet with a width of 
20 mm is bent at a radius of curvature of 3.0 mm. 

The vinyl polymer may be an acrylic polymer. 
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5 DEmLED <* THE INVENTION 

The Pressure-sensitive fl Hh • 

- ««« has ^ . conp j^IT — . — . 

10 »-PPort includes forexamnl fectlTO components. The 

' sample a mult' — 

3 lMina ^ of the composite fi, " ^ of 

Cerent from that of ^ ^ "* * ~ a material 

1 rne composite fiu 
composed o f a laminate of th 3 

»» films made of . mat . «ta and two or 

ur a material diffo 
5 composite fllm . 6rent fror " that of the 
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^ - ~ general, ^ ^ —a. means 

« compared with the lenath „ latlvel V small thickness 

-Length and width +-^~ 

— * «« prodnct having ^ ^ ^ ■<"" 
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a "sheet" may also include a "film" and conversely a "film- may 
also include a "sheet". 

Hereinafter, the present invention will be described in 
detail with reference to the attached drawings. It should be 
5 noted that the same or like constitutional elements are 
designated by the same reference numeral and detailed 
description thereof will be omitted. 

First, a multi-layer sheet used as a support for the 
pressure-sensitive adhesive sheet of the present invention will 
10 be described. Fig. 1A is a cross-sectional view showing the 
layer construction of a multi-layer sheet according to a first 
embodiment of the present invention. The multi-layer sheet 
shown in Fig. l A includes a first film 1 that is laminated on 
a composite film 2, the first film 1 being made of a material 
15 that is different from the material of the composite film 2. 

For the first film are used, for example, thermoplastic 
resins including polyester resins such as polyethylene 
terephthalate (PET) ; polyolefin resins such as polyethylene 
(PE) and polypropylene (PP) ; polyimides (PI) ; polyether ether 
20 ketones (PEEK), polyvinyl chloride resins (PVC) ; 
polyvinylidene chloride resins; polyamide resins,- 
polyurethane resins; polystyrene resins; acrylic resins; 
fluororesins; cellulose resins; polycarbonate resins; and 
thermosetting resins . Among these preferred is PET because it • 
" has an appropriate hardness when it is used in processing 
precision parts, in addition, it is preferably used since it 
is advantageous from the viewpoints of abundance of species and 
of cost. It is preferred that the kind of the material that 

10 
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When the first fii™ v, 

St fllm has * storage modulus at ?SV * 
Pa or less, it will Ulus at 25 C of 1 . 0 xi 0 " 

it will never become difficult i-« 

Pressure-sensitive adhesive sheet in , ^ 3 
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—m- »y c»tt I " St ° raSe — • - — 

first fil t0 ^ d (f « t„a 

rirst fl lm or the lik<=>\ ^ 

— uringtheobtai L:3i;r; b ;::r 50 " * about 5 
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difficult to dissolve the nnl 

„ aturally Umlts t h ; poi ~«« * a « ylic raonomeri 

iy limits the molecular „ eio ht „„ h 
produced . on tee other hand P^rethane 
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methacryi at e, N M 

mm.- N ' N - dlme thylaminoethyl 
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Propyl methacrylamide ? 
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» * exaacrylate may be used * 6 and di P*ntaer y thritol 

These monomers are ,,„„ • Cr ° SSUnkln 9 agents as needed. 
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« — y i gr OUPS of the PO ; y :rr;; ta tr: 7 is — 

—Pie, those cetel.sts g ene rall v ^ 

— - as dibot.iL ir: - — 
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l '«^«»bicyclo[2.2.2]oct«. may be used 

— ::r r ly r that has - - - — 
— — al : hol r r:;::;;; oiecui " wei9htpo1 - 
• -o, Propylene glycol , bu jr 9 :;r;- diethyiene 

0 ethylene oxid. °bta a ned by addition of 

Y 8 ° Xlde - Propylene oxide tetrahvH * 

^etrahydrofuran or the m. 
Polyester polvol^ „„ 1 or the like, 

0mP0Sed ^ Condensation products 
the above-mentioned dihydric alcoh i 
^Propylene g l ycol 1 . . + alC ° ho1 ' SUch as 

y ycoi ' 1 ' 4 -t>utanediol or i c u 
alcohol such a „ ^6-hexanediol, or 

suoh as neopentyl g i ycol and a 

carbonate polvol, a ° ryliC P 01 ^^, 

JL,i 2 polyols lnciude — of 

y group-containing m onomers such as hv „ 

- ^o* ypropyl (m e th)ac J ate ^ °T ethyl 
^ h — 1 ~co„ talning substence with """" 
"» epo Xy P c ly0 ls include, for example 

resins. sample, a„u„ e -modif led epox y 
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the urethane/ac V " ^ """""ion ■ 

rethane/acrylic composite material l. r ■ 
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is laid on elongation of the , lrP u , 

material it i, * ethane/acrylic composite 

— . - :;: p iir e ;r; ioihavin9 — 
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"eight and use amount of the no, , 
appropriate!, S e 1 eeted from the . 
» "activity and oo • Viewpoint of urethane 

""""^"ty with aeryl monomers 

—» - 

diisoeyanates . S peeif ic '° ^ ° f the 

»d a licyciic dii P ; eXan,PleS ° f «» -"-tic. aiiphatie 

cyclic dusocyanates include +„i i 

" -Phenyimethane dii S ooyanate h — yanate, 

yanate ' hexamethylene riiie„ 

xylylene y ne diisocyanate , 

diisocyanate, hydrogenated xylyi ene 

isophorone dii socyanate . rf d — yanate, 

^drogenated diphenvl mo „ 
diisocyanate 1 q ai P n enylmethane 

ate, 1,5-naphthylene diisocyanate i , „ 
diisocyanate 6 ' 1 - 3 "Phenyl ene 

1 ' 4 -Phenylene rt< . 

20 bUtane ~ 1 ^-diisocyanate ? , . ^ocyanate, 

diisocyanate 2 4 4,' 

Cclohexane- ' 4 '^——thylene diisocyanate, 

diisocyanate, ' 

- hy icyciohe X an e ^^^^ cyciohexane ' 

» — cyanate. Also , ^ ^ ^ ——lylene 

' ^rimers, and so forth o-f ^ 

:r:;:::~"° — •• - » ~ : 
- - rr::,— -■- - 

These may be used 
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appropriately. 

™esa poi yi soc y anates may be used 

cognation. Prom the vle „ points « ly ° r » 

H ,lts ot urethane reactiuii-,, 
compatibility with acrvl i „ reactivity and 
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in the present invention ^ 
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«* the urethane M , Secular chain len 9 th 

that th f Cann0t ^ 6XtSnded «ti.f.ctori ly so 

W " Can be ""icientiy secured. 

antistatic s M t'" 1 '' C01 ™' — s . 

yeats ln amounts within 

° f the ~ — - ~ ^"irir effect 

— - usually employed amounts depending on the r^ «1T 
actives may be added in advance 5 ^se 

" reaction between th. , • Polymerization 
rween the Pdyisocyanate and 
added prior to th. , P ° lY01 ° r ma ^ be 

to the polymerization between the urethan. i 
and the reactive monomer. " P ° lYmer 

Further, to adjust the viscosity of the 

L y or the coating 
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compos.tion upon coating, a smaU 

1 am ° Unt ° f * so ^ent may be 
the coatxng composition. The sol 
appropriately selected f solvent may be 

- . j;r i :;: ivents — ~ - 

In the present i nvP ntin 

nventl °n, as described 
film can be formed, for exam 2 ' 3 com P°3ite 

Polyisocyanate in .'J eXamPle ' by re ^ting a polyol and a 
n a ra dical polymerizAhi^ 

» fixture of the orethane no, "" Jn ° mer ' C<, " la « a 

retnane polymer and the rart(^», 
— r on, for examplei a *« lpolwii!able 

ionireo relation soon as «-ray . ' "' ^^"^ « 

-ectron oea m , ra di at ion soon r "" y ' ne " tC ™ ~ 

U*t or the l ike ,„ „ ""raviolet rays. v i sible 

kS t0 P h °t°-re the ooating 

° n tMs <"=="ion, to prevent th 
Wy« i2ationby ^ inhibition of 

- the mixt ure of the orethane ^ ^ ^ 

^•ernane polymer and radical „«i 
monomer coated on the fi rs t fil . P°lymerizable 

«- — n conoentratr n t ; t0bl0Ck °— ' — 

- — 9 the oo m po;: f : r; sphere can be d — * 

K Le Xllm into a vessel f i n j 
inert gas. 61 fll led with an 

In the present invention t-h , ■ 

U*e ano the kl „o of the 1 " « <*• 

nation ano so forth "* ^ ^ of 

' —Pie. Wpress;: SeleCtSd - -r 

■ — u ght , an/; :r such as * f — — ^ 

stern a21ng lamp, high-press,,™ , 
" a hali de iamp Md a hi g h-pressu e 1 

used. P essure mercury l amp may be 
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Th e dose of ultraviolet „, 
Anally dependl «» the l ike may fce 

« -» and 5 .„ 00 mJ/cm! M traVi0l « «ys i. 100 raJ/rf 

5 »»• and 4 , 000 mJ/cm2 or lesa ' Pref a«My x , 000 ^ 

j-ciss, and morp ^>~~,c 
» *>» and 3 , 000 „ W or 1 Preferably 2,000 WW 

«ys is less than ,„„ „ ^J"' " the *»• of ultravioiet 

*>•« of ultraviolet rays be hMd " th * 

FU " her ' th * ^mperature at the t • 
"""violet rays t . not * ^ ° f Radiation „ ith 

optionally set. If the . ^ llmit ^ and may be 

tne temperature is ^ u ■ 
t0 °«ur a termination reaotion d *' tend * 

" - — deterioration th 1^ ^ " — -on, 
Therefore, the temperature upon ' Iir^ ^ "~ 
" aaually 70°c or l 0 „ et pref adiation „ ith vlol . t 

Preferably 30°c or l OKer . V 50 ° ° r and m0 re 

The mixture based on the 
i 2 able monomer conta ;;; thanS P — "d radical 

initi3t0r - AS ^e Photopo lyra er i2 ati ^^"^""l 
a-erssuohasben 2 oin methylet y he """" ».„.,„ 

—ted be„ 2 oi n 

—ted aoetophenones suohV 2 H" 01 ' Sth "' 
a«d 2 -2-dimetho X y- 2 _ phenv , ' 2 " dletho ^oetophenone 

2 --hyl- 2 - hydroxypropl ^ anyl keto „ e ^ 

' r0r ° atlC SU «°W chlorides 
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such as 2 -n,phethalen e soi f on y l chioriCe, opticalJy 
oximes 

such 

preferably used. 
5 I, the preset invention, it is patticuiatiy de siraoie 

that a photopoi ym eritation initiate, havi„ g a h ydroxyl group 
» the Weenie he use d . Upon format ion of ^ urethane 
hy reacting the poi yo i an d the pci y isoc y anate , coptesence of 
a photopoi ym eri 2 ation initiator havin, a h ydr o Xy i , roup ln the 
-1«U. enaMes incorporation o £ the photopoi ymer i 2 ation 
initiator in the ethane poi yme r. This can produce a 
utethane/act yl io Moc* copo lymS r at the ti me of irradiation 
with radiation to cure T t io . 

cure, it ls presumed that this effect can 

improve elongation and strength of the fil m . 

It is preferable that the composite fi lm has a storage 
-dulus at 25 ° C of iess than 2 .0x 10 « Pa , more preferably 3 . Ox 10 s 
Pa or more and less than 2 nxin 8 r>-, 

. n 6 10 Pa ' and Particularly preferably 

•0X10 Paormoreand 1 .0x 108 p aorless . Purther , the composite 
fUm has a storage modulus at 100°C of preferably 3.0*^ Pa 

or more, more preferably 3 0 xin 5 p a „. 

y 0.0x10 Pa or more and less than 2 oxiq8 

Pa, and particularly preferably Uxio' Pa or more and LO^ 
^ or less . since the multi-layer sheet having a composite 
~th a storage modulus at 25Cc Qf 2 0xiq8 ^ ^ 

semiconductor wafer is polished with a pressure-sensitive 

SheSt C ° ntaining -Iti-layer sheet, the product 
may be broken during the polishing step a r 

9 sre P- A temperature of 

composite film tenri<? 1-^ ■ 

lm tends to be increased by heat generated during 
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polishing a semiconductor wafer tn ,u ■ 

~. . ... .......... ..:/,;::— ri:i 

has a composite film wHl . h et 

m Wlth a storage modulus at 100V , 
than 3.0xlo 5 Pa - „ .., 100 C of less 

be broke n. ^ "" 1 "a*«*or wafer may 

Proper selection o f the composition Qf 
polymer the ih «h a ^ methane 

. kxnd and composition of the vinyl polymer bl „ ■ 
ratios of the ur-o^-K Poiymer, blending 

ox rneurethane polymer and the vinwi , 

» p-pe, comMnation of a crossl ; inyl p — - » — 

P-ide composite f llras h . ^ a9e " aM the ^ «» 

9 V " iOUS St ° rage mod "l- 
"hen the composite film ^ 

containing the „r.rt mixture 
urethane polymer and 

effective components is 1. • P ° lymer * S 

P nents is laminated onto the fir.f f, ,. 

15 a high storage moduius, the product to be ' 

t0 ^ P—ed such as a 

th • 3 mlnimi2ed ^exure or curl due , 

the xnteraction between the f irst la " t0 

methane bon ds constituting the ^ ^ * ^ 

— — the ^J^TJT " ^ 

— on, such an interaction Sma11 " thi — . In 

nteractxon mxmmizes a decrease in th 
storage modulus at l 00 °C of the 

Minimizing a decrea, ■ composite fil m , th 

9 deCrease xn the capability of the film* 
semiconductor wafer t0 h ° ld the 
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The multi-layer sheet- ^ 4-u 
a fii m ! ■ ^ PrSSent ^vention may have 

3 fllm la ^nated on another side of th. 

1D u the com Posite film T7H„ 

IB shows such an embodiment. Fig 1B is a ^ 

^- IB is a cross-sectional view 
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=-„i„ 9 the layer construction of a „_« la 

- - - e rab odi m ent of the ^ ^ ~ * 

multi-layer sheet „h„ ■ Present invention. The 

sheet shown rn Fig. 1B has a 

« a co mp os it e (Um 3 and a second fii m 3 J 
5 o* the composite f ilm 2 ^""^ ™ ««h., 

e or the same material 4-u 
°r » y be a f Um made of a diff " a " «" «*. first 

« the first fil m The „ , ff8rent """^ that 

" of the first f Um " 3 ferMt 

— - - f" i ;r iudethesamem ™--- 

Irst film and ma v k~ 
therefrom. Y ^ P ro P^ly selected 



The multi-layer sheet of i- h 
» formed of . pressure ** ^ ^~tion can be 

Pressure-sensitive adhesive 1. 

pressure-sensitive adh. • t0 provide a 

-i.i_j.ve adhesive sheet 

Pressure-sensitive adhesive sheet of the emb0di ™ ent °" 
>• -Plainea concretely with refe 638,11 lnVenti ° n ^ 

- - case where L ^ 

° in — — - u is foj; ; eet of the p ~ 

adhesive layer and th P^re-sensitive 
ytiI an< 3 the wherp i-v,« 

" invention shown in /J^ ^ «~ " - 

pressure-sensitive adhesiv. i f0rmed of a 

dunesive layer win 

« I- a cross-sectional 
construction of a pressure-sens Sh °" in9 ^ ^ 

- ■ «~. a mb o dlment ;; n t s h 7 e adhesive sheet — 

Prassure-aensitive adhesive sheet ^ ^ S 
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a composite fil m 2 havi a pr „ a , ira 

« termed on the si de of th ™— "five adhesive ^ 

S Slde of the composite film ? n *u 
- pressure-sensitive adhesive °" ^ ^ — • 

~r~ tive adhesive layer e ; how ; in Fig - - - - 

^ first fil ml Asd ^ 4 on the side of the 

^ 1. as described above, in the present ■ 
a pressure-senses,, Present invention, 

sheet. However it" P^^re-sensitxve adhesive 

ever, xt ls Preferable thai- +h 

adhesive layer be form.H Pressure-sensitive 
y cx 06 formed on thp q ■? . , 

1» pressures ■ he c ° m P°site film. The 

^-re-sensttxvescmesive sheet shown in Fig 

film 1 on one side of th. flrSt 

of the composite film 2 and the se 

3 M ° th " °f the oomposite film 

Pressure-sensitive adheslve ^ « a 

" f ° rmed °" <*• aide of the 
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~- »afet „hile th r ^ ^ '„ ^ ^ " " 
an adhesion stten g th thet alio J rea y ' "* 

*> on the li ke „ ithout ^ """^ » 1 — °' th. ptoduot 

-t this p urpoS e it • COmPleti0n ° f -ocessin,. 

° f 0-01 N/20 nun to 1 N/20 ?S Str ^h ln the range 

» Pressure-sensitive adhesive ^ »' 

Ptessnte-sensitive adh esi V e l aye " J 0 """"" ^ 3 

- — ------ti^rz r rr;: 1 :" umited 

— and othetp roduc j:;::— ;: 
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example, rubber-based pressure-sensitive adhesives containing 
a natural rubber or a rubber-based polymer such as a styrene 
copolymer as a base polymer, silicone-based pressure-sensitive 
adhesives, acrylic-based pressure-sensitive adhesives, 
polyvinyl ether-based pressure-sensitive adhesives, and so 
forth may be used. Among these preferred from the viewpoints 
of adhesion to semiconductor wafers, washability of 
semiconductor wafers after release with ultrapure water or 
organic solvents such as alcohols are acrylic-based 
pressure-sensitive adhesives containing acrylic-based 
polymers as base polymers. 

The acrylic-based polymer includes, for example, 
acrylic-based polymers obtained by polymerizing one or more 
monomer components selected from alkyl (meth) acrylates (for 
example, esters of a linear or branched chain alkyl having 1 
to 30 carbon atoms, in particular 4 to 18 carbon atoms, such 
as methyl, ethyl, propyl, isopropyl , butyl, isobutyl, s-butyl , 
t-butyl, pentyl, isopentyl, hexyl , heptyl , octyl , 2-ethylhexyl , 
isooctyl, nonyl, decyl , isodecyl, undecyl , dodecyl , tridecyl , 
tetradecyl, hexadecyl , octadecyl and eicosyl) and cycloalkyl 
(meth) acrylates (for example, cyclopentyl ester, cyclohexyl 
ester and so forth) . It should be noted that the term 
« (meth) acrylate" means acrylate and/or methacrylate and 
" (meth) " as used herein has a similar meaning to that described 
above in all the cases. 

To modify its cohesion, heat resistance and so forth, the 
acrylic-based polymer may contain units corresponding to other 
monomer components that are copolymerizable with the 
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(meth) acrylates or cycloalkyls described above. Examples of 
the monomer component include carboxyl group-containing 
monomers such as acrylic acid, methacrylic acid, carboxyethyl 
(meth) acrylate, carboxypentyl (meth) acrylate , itaconic acid, 
maleic acid, fumaric acid and crotonic acid; acid anhydride 
monomers such as maleic anhydride and itaconic anhydride ; 
hydroxyl group-containing monomers such as 2-hydroxyethyl 
(meth) acrylate, 2-hydroxypropyl (meth) acrylate , 

2-hydroxyethyl (meth) acrylate , 2-hydroxypropyl 

(meth) acrylate, 4-hydroxybutyl (meth) acrylate , 

6-hydroxyhexyl (meth) acrylate , 8-hydroxyoctyl (meth) acrylate , 
10-hydroxydecyl (meth) acrylate , 12-hydroxylauryl 

(meth) acrylate and (4-hydroxymethylcyclohexyl) methyl 

(meth) acrylate ; sulfonate group-containing monomers such as 
styrenesulfonic acid, allyl sulfonate, 

2- (meth) acrylamide-2-methylpropanesulf onic acxd, 
(meth) acrylamidopropanesulfonic acid, sulfopropyl 

(meth) acrylate and (meth) acryloyloxynaphthalenesulf onic 
acid; phosphate group-containing monomers such as 
2-hydroxyethylacryloyl phosphate; acrylamide, acrylonitrile 
and so forth. The copolymerizable monomer components may be 
used singly or as combinations of two or more of them. The use 
amount of these copolymerizable monomers is preferably 40 wt& 
or less of the total weight of the monomer components. 

Further, the acrylic-based polymer may contain a 
polyfunctional monomer and so forth for crosslinking . 
Examples of such a polyfunctional monomer include hexanediol 
di (meth) acrylate, (poly) ethylene glycol di (meth) acrylate , 
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(poly ) propylene glycol di (meth) acrylate, neopentyl glycol 
di (meth) acrylate, pentaerythritol di (meth) acrylate, 

trimethylolpropane tri (meth) acrylate , pentaerythritol 
tri (meth) acrylate , dipentaerythritol hexa (meth) acrylate , 
5 epoxy (meth) acrylate , polyester (meth) acrylate, urethane 
(meth) acrylate , and so forth. These polyf unctional monomers 
may also be used singly or as combinations of two or more of 
them. The use amount of the polyf unctional monomers is 
preferably 30 wt% or less based on the total weight of the monomer 

10 components. 

The polymerization method for forming the acrylic-based 
polymer may be any method selected from solution polymerization, 
emulsion polymerization, bulk polymerization, suspension 
polymerization and so forth. The pressure-sensitive adhesive 

15 layer preferably contains a small amount of low molecular weight 
substances so that the side where a product such as a 
semiconductor wafer is applied to should not be contaminated. 
From this viewpoint, the acrylic-based polymer preferably has 
a number average molecular weight of about 300,000 or more and 

20 more preferably about 400,000 to about 3,000,000. 

To increase the number average molecular weight of the 
acrylic-based polymer, polyisocyanate compounds, epoxy 
compounds, aziridine compounds, melamine crosslinking agents 
and the like may be added. The use amount of the additives may 

25 be properly determined depending on the balance with the base 
polymer to be crosslinked and further on the application to 
which the acrylic-based polymer as a pressure-sensitive 
adhesive is used. Generally, it is preferable that about 1 to 



about 5 parts by weight of the additive per 100 pars by weight 
of the base polymer is blended. Further, the 

pressure-sensitive adhesive may optionally contain besides the 
above-mentioned components various kinds of conventionally 
known additives such, as tackifiers and antioxidants. 

In the present invention, it is preferable that a 
pressure-sensitive adhesive of the radiation-curing type be 
used as a pressure-sensitive adhesive . The pressure-sensitive 
adhesive of the radiation-curing type can be obtained, for 
example, by compounding a pressure-sensitive adhesive 
substance with an oligomer component that forms a low adhesive 
substance upon irradiation of a radiation or the like thereto 
to cure it. When the pressure-sensitive adhesive layer is 
formed from a pressure-sensitive adhesive of the radiation- 
curing type, the oligomer component contained the 
pressure-sensitive adhesive gives plastic flowability upon 
application of a sheet with such a pressure-sensitive adhesive 
layer, so that the sheet can be readily applied to a desired 
object. On the other hand, when the sheet is to be released, 
the sheet is readily released from a product such a 
semiconductor wafer since irradiation of a radiation to the 
pressure-sensitive adhesive forms a low adhesive substance. 

As the pressure-sensitive adhesive of the radiation- 
curing type, there can be used those pressure-sensitive 
adhesives having a radiation curable functional group such as 
a carbon-to-carbon double bond in the molecule and exhibiting 
adhesiveness. For example, an addition type radiation- curing 
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type pressure-sensitive adhesive comprised by a common 
pressure-sensitive adhesive to which a radiation- curing type 
monomer component or an oligomer component is blended and an 
internal type radiation- curing type pressure-sensitive 
adhesive comprised by a base polymer having a carbon-to-carbon 
double bond in the end of main chain or main chain of the polymer 
can be used. The radiation used for curing the 

pressure-sensitive adhesive layer includes, for example, 
X-rays , electron beams, and ultraviolet rays. From the 
viewpoint of readiness of handling, it is preferable to use 
ultraviolet rays. However, the present invention is not 
limited thereto. 

As the common pressure-sensitive adhesive that 
constitutes the addition type radiation- curing type 
pressure-sensitive adhesive can be used pressure-sensitive 
adhesives such as the above-mentioned acrylic 
pressure-sensitive adhesives and rubber-based 

pressure-sensitive adhesives . 

Examples of the monomer having a radiation- curing type 
functional group include urethane oligomer, urethane 
(meth) acrylate , trimethylolpropane tri (meth) acrylate , 

tetramethylolmethane tetra (meth) acrylate , pentaerythritol 
tri (meth) acrylate , pentaerythritol tetra (meth) acrylate , 
dipentaerythritol monohydroxy penta (meth) acrylate , 

dipentaerythritol hexa (meth) acrylate , and 1 , 4-butanediol 
di (meth) acrylate . On the other hand, radiation- curing type 
oligomer component includes various oligomers such as urethane-, 
polyether-, polyester-, polycarbonate- and 
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polybutadiene-based oligomers. Those oligomers having a 
molecular weight in the range of about 100 to about 30,000 are 
suitable. The compounding amount of the monomer component or 
oligomer component having a radiation- curing type functional 
group is, for example, preferably 5 to 500 parts by weight, more 
preferably about 40 to about 150 parts by weight based on 100 
parts by weight of the base polymer such as an acrylic polymer. 

The internal type radiation- curing type 
pressure-sensitive adhesive does not have to and often does not 
contain the oligomer component or the like, which is a component 
of low polymerization degree, so that there does not occur a 
situation that the oligomer component or the like migrates in 
the pressure-sensitive adhesive. As a result, a 

pressure-sensitive adhesive layer having a stable layer 
structure can be formed. 

In the internal type radiation- curing type 
pressure-sensitive adhesive, those polymers that have a 
carbon-to-carbon double bond and exhibit adhesiveness can be 
used as base polymers without particular limitations. Such 
base polymers preferably have a basic skeleton made of an 
acrylic polymer. The acrylic polymer used here may include the 
same polymers as those acrylic polymers that have already been 
exemplified in the explanation for acrylic-based 
pressure-sensitive adhesives. 

The method for introducing a carbon-to-carbon double bond 
to the acrylic-based polymer as a basic skeleton is not 
particularly limited and various methods may be used without 
limitations. In the present invention, it is preferable to 



30 



introduce a carbon-to-carbon double bond to a side chain of the 
acrylic-based polymer to form a base polymer having a 
carbon-to-carbon double bond since molecular design is 
facilitated thereby. Specifically, this is done, for example, 
5 as follows. After a monomer having a functional group is 
preliminarily copolymerized with an acrylic polymer , a compound 
having both a functional group that can react with the 
functional group of the monomer and carbon-to-carbon double 
bond can be condensed or added to the copolymer while 

10 maintaining the radiation- curing type of the carbon-to-carbon 
double bond to introduce the carbon-to-carbon double bond into 
a side chain of the acrylic polymer. 

Examples of combination of the functional group of 
monomer to be copolymerized with the acrylic polymer and a 

15 functional group that car react with the functional group of 
the monomer are shown below. For example, combinations of a 
carboxylate group and an epoxy group; a carboxylate group and 
an aziridyl group; and a hydroxyl group and an isocyanate group 
are preferable. Among these combinations , the combination of 

20 hydrocyl group and an isocyanete group, since it facilitates 
following up the reaction. Further, in the combination of the 
functional groups, any functional group may be present on the 
side of the acrylic-based polymer. For example, in the 
combination of a hydroxyl group and an isocyanate group, it is 

25 preferable that the acrylic-based polymer has a hydroxyl group 
and the compound having a functional group that can react with 
the functional group, i.e., the hydroxyl group, has an 
isocyanate group. In this case, the compound having an 
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isocyanate group includes, for example, methacryloyl 
isocyanate, 2-methacryloyloxyethyl isocyanate, and 
m-isopropenyl-cc,a-dimethylbenzyl isocyanate. On the other 
hand, the acrylic-based polymer having a functional group (i.e. , 
a hydroxyl group) includes, for example, copolymers obtained 
by copolymerizing the hydroxyl group-containing monomers that 
have been already exemplified in the explanation of the 
acrylic-based pressure-sensitive adhesive, 2-hydroxyethyl 
vinyl ether-based compounds, 4-hydroxybutyl vinyl ether-based 
compounds, diethylene glycol monovinyl ether-based compounds 
and the like with the acrylic-based polymer. 

The base polymer having a carbon-to-carbon double bond 
alone may be used for the internal type radiation- curing type 
pressure-sensitive adhesive. However, the above-mentioned 
radiation- curing type monomer component and oligomer component 
may also be compounded with the base polymer having a 
carbon-to-carbon double bond so far as they do not deteriorate 
the characteristics of the adhesive. The compounding amount 
of the radiation- curing type oligomer component or the like 
is usually 30 parts by weight or less, preferably in the range 
of 0 to 10 parts by weight based on 100 parts by weight of the 
base polymer. 

When the above-mentioned radiation- curing type 
pressure-sensitive adhesive is cured with ultraviolet rays or 
the like, a photopolymerization initiator is added to the 
pressure-sensitive adhesive. Examples of the 

photopolymerization initiator include a-ketol compounds such 
as 4- (2-hydroxyethoxy) phenyl (2-hydroxy-2-propyl ) ketone, 
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a-hydroxy-oc, a' -dimethylacetophenone , 

2-methyl-2-hydroxypropiophenone , 1-hydroxycyclohexyl phenyl 
ketone, and acetophenon compounds such as 

methoxyacetophenon , 2 , 2-dimethoxy-2-phenyl acetophenon , 

2 , 2-diethoxy acetophenon , 

2-methyl-l- [4- (methylthio) phenyl ] -2-morpholinopropane-l ; 
benzoin ether compounds such as benzoin ethyl ether, benzoin 
isopropyl ether, and anisoin methyl ether; ketal compounds such 
as benzyl dimethyl ketal; aromatic sulfonyl chloride compounds 
such as 2-naphthalenesulf onyl chloride; optically active oxime 
compounds such as 

1- phenone-l , l-propanedione-2- (o-ethoxycarbonyl) oxime; 
benzophenone compounds such as benzophenone , benzoyl benzoate, 
and 3,3' -dimethyl-4-methoxybenzophenone ; thioxanthone 
compounds such as thioxanthone, 2-chlorothioxanthone , 

2- methylthioxanthone , 2 , 4-dimethylthioxanthone , 
isopropylthioxanthone , 2 , 4-dichlorothioxanthone , 
2 , 4-diethylthioxanthone , and 2 , 4-diisopropylthioxanthone ; 
camphor quinone, halogenated ketone, acylphosphinoxide , acyl 
phosphonate and so forth. The compounding amount of the 
photopolymerization initiator include is, for example, about 
1 to about 10 parts by weight, preferably about 3 to about 5 
parts by weight based on 100 parts by weight of the base polymer 
such as acrylic-based polymer. 

In the present invention, the pressure-sensitive 
adhesive layer may be formed by coating the above-mentioned 
pressure-sensitive adhesive together with solvents as needed 
directly on a substrate such as composite film or the like. 
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Alternatively, the pressure-sensitive adhesive layer may be 
formed by coating the pressure-sensitive adhesive on a release 
liner to form a pressure-sensitive adhesive layer in advance 
and then applying the pressure-sensitive adhesive layer onto 
the composite film or the like. 

The thickness of the pressure-sensitive adhesive layer 
is not particularly limited and may be optionally set . Usually, 
the thickness of the pressure-sensitive adhesive layer is 
preferably 3 (am or more and 100 (am or less and more preferably 
10 jam or more and 30 (am or less. 

The thicknesses of the first and second films and the 
thickness of the composite film in the pressure-sensitive 
adhesive sheet of the present invention may be properly selected 
depending on the purpose taking, for example, flexural modulus 
into consideration. In particular, when the 

pressure-sensitive adhesive sheet of the present invention is 
used for processing precision parts, the composite film has a 
thickness of preferably about 10 Urn or more and about 300 (am 
or less and more preferably about 50 (am or more and about 250 
|im or less. The first film has a thickness of preferably about 
10 Jim or more and about 300 Jim or less and more preferably about 
30 (am or more and about 200 (am or less. The second film has 
a thickness of preferably about 10 jam or more and about 300 |am 
or less and more preferably about 30 Urn or more and about 200 
Jim or less . 

Generally, it is preferable that the thickness of the 
first film (tl) is in the range of 10 to 200 (am and the thickness 
of the composite film (t2) is in the range of 10 to 300 (am. It 
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is also preferable that a thickness ratio, i.e. , a ratio of the 
thickness of the first film to the thickness of the composite 
film (tl/t2) is in the range of 0.1 to 10. If the thickness 
ratio (tl/t2) is less than 0.1, a modulus of the 
pressure-sensitive adhesive sheet decreases and a capability 
of the sheet to held the wafers drops, so that the wafers may 
be broken. On the other hand, if the thickness ratio (tl/t2) 
is greater than 10, the rigidity of the pressure-sensitive 
adhesive sheet becomes too high and it may be sometimes the case 
that products such as wafers are deteriorated during a polishing 
process . 



The pressure-sensitive adhesive sheet of the present 
invention has a modulus (hereinafter, sometimes referred to 
also as "flexural modulus") of 9 N/mm 2 or more, preferably 15 
N/mm 2 or more, more preferably 20 N/mm 2 or more and particularly 
preferably 25 N/mm 2 or more when an oblong piece of the 
pressure-sensitive adhesive sheet with a width of 20 mm is bent 
at a radius of curvature of 3.0 mm. Also, under the same 
conditions, the flexural modulus of the pressure-sensitive 
adhesive sheet is 250 N/mm 2 or less, preferably 200 N/mm 2 or 
less and more preferably 150 N/mm 2 or less. If the flexural 
modulus of the pressure-sensitive adhesive sheet is less than 
9 N/mm 2 , sometimes the curl of a wafer cannot be maintained 
within an allowance when the wafer is polished to a thin wafer. 
As a result, a problem may occur when the wafer is transported. 
On the other hand, if the flexural modulus of the 
pressure-sensitive adhesive sheet is 250 N/mm 2 or less, the 
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pressure-sensitive adhesive sheet can satisfactorily follow up 
the unevenness of a pattern surface of a wafer and the 
pressure-sensitive adhesive sheet can be readily peeled off 
from the wafer by applying a sheet for releasing to the 
5 pressure-sensitive adhesive sheet and then drawing the sheet 
for releasing. 

in the present invention, proper combination of the kind 
of the materials of the first film and of the composite film 
and the kind of the material of the second film and the like 
that is laminated on the composite film as needed can give a 

pressure-sensitive adhesive sheet having a desired flexural 

modulus . 

In the present invention, flexure! modulus of an object 
is obtained by making the object have a shape of a width of 20 
- and a length of about 50 mm, bending this in the longitudinal 
direotion so as to have a radius of curvature of 3.0 mm, and 
measuring a repulsive force of the object, followed by 
calculation of the obtained data according to the following 
eguation (1) : 

E = (2R 2 /wh 3 ) • m (1) 

in the equation described above, E is flexural modulus 
(unit: NW), r is a radius Qf curvature (un . t: w , s a 

width of an object (sample to be measured) (unit: mm) , h is a 
thickness of the object (sample to be measured) (unit: mm) and 
M is a repulsive force (unit: g) . 

Now, referring to Fig. 3, the method of measuring a 
repulsive force of an object is described. 
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Fig. 3 is a diagram for illustrating a method of measuring 
a repulsive force of an object (here, a pressure-sensitive 
adhesive sheet 5 shown in Figs. 2A to 2C) . By the side of an 
electronic balance 11 is arranged a jig 12 that can bend a 
pressure-sensitive adhesive sheet 5 on the electronic balance 
5. The jig 12 has a post 13 and a pressure bar 14 is supported 
by the post parallel to an upper side of the electronic balance 
11 and is slidable along a longitudinal axis of the post so that 
it can move up and down along the support 13. The jig 12 is 
designed such that it is slided to a position at which a radius 
curvature, R, of the pressure-sensitive adhesive sheet when the 
pressure-sensitive adhesive sheet is bent in the longitudinal 
direction is 3.0 mm, that is, a position at which two sides of 
the pressure-sensitive adhesive sheet that are parallel to each 
other have a distance of 6.0 mm therebetween, thereby pushing 
the upper side of the bent pressure-sensitive adhesive sheet 
5. The repulsive force of the pressure-sensitive adhesive 
sheet is measured at room temperature in a bent state such that 
an object with a width of 20 mm is bent so as to have a radius 
of curvature, R, Q f 3.0 mm. Specifically, the 

pressure-sensitive adhesive sheet 5 as a sample to be measured 
is cut to a piece having a size of a width of 20 mm and a length 
of 50 mm, which is mounted on the electronic balance 11. The 
sample is bent so as to have a radius of curvature, R, of 3.0 
mm and then the jig 12 is set. The sample is kept in this state 
for 60 seconds and the numerical value (A) displayed on the 
electronic balance is read. The repulsive force of the 
pressure-sensitive adhesive sheet is obtained as follows . The 
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repulsive force of the pressure-sensitive adhesive sheet is 
defined as a value (A-B) obtained by subtracting the weight of 
the sample (here , pressure-sensitive adhesive sheet 5 ) (B) from 
the measured value (A) . 



The pressure-sensitive adhesive sheet of the present 
invention is used according to a conventional method upon 
processing a product such as a semiconductor wafer. Here, an 
example of use of a pressure-sensitive adhesive sheet in 
polishing a rear surface of a semiconductor wafer is shown. 
First, a semiconductor wafer having a pattern such as an IC 
circuit is mounted on a table such that the patterned surface 
is up. Then, on the patterned surface is overlaid applied the 
pressure-sensitive adhesive sheet of the present invention so 
that its pressure-sensitive adhesive layer contacts the 
patterned surface of the semiconductor wafer and while pressing 
the pressure-sensitive adhesive sheet onto the wafer by a 
pressing means such as a press roll . Alternatively, a laminate 
of a semiconductor wafer and a pressure-sensitive adhesive 
sheet as described above is placed in a pressurizable container 
(for example, autoclave) , and then the inside of the container' 
is pressurized to bond the pressure-sensitive adhesive sheet 
to the semiconductor wafer. A pressing means may be used in 
combination with this. Further, a semiconductor wafer and a 
pressure-sensitive adhesive sheet may be bonded to each other 
either in a vacuum chamber or by heating the pressure-sensitive 
adhesive sheet at a temperature not higher than the melting 
point of the base material of the pressure-sensitive adhesive 
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sheet . 

As the method of polishing a rear surface of a 
semiconductor wafer, a conventional polishing method can be 
adopted . For example , the rear surface of a semiconductor wafer 
to which a pressure-sensitive adhesive sheet has been bonded 
is polished until a desired thickness of the semiconductor wafer 
is reached by using a polishing machine (back grind) as a 
processing machine for polishing and a pad for CMP (Chemical 
Mechanical Polishing) . In the case where a pressure-sensitive 
adhesive sheet whose pressure-sensitive adhesive layer has been 
formed from a pressure-sensitive adhesive of the radiation- 
curing type, a radiation or the like is irradiated to the 
pressure-sensitive adhesive layer at the time when polishing 
is completed to decrease the adhesive strength of the 
pressure-sensitive adhesive layer and thereafter, the 
pressure-sensitive adhesive sheet is released. 

EXAMPLES 

Hereinafter, the present invention will be described in 
more detail by way of examples. However, the present invention 
should not be considered to be limited thereto. It should be 
noted that in the following examples, all parts are by weight 
unless otherwise indicated specifically. 
Example I 
(Example 1-1) 

In a reactor equipped with a condenser, a thermometer, 
and a stirrer were charged 50.0 parts of t-butyl acrylate, 30.0 
parts of acrylic acid, and 20.0 parts of butyl acrylate as an 
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acrylic-based monomer, 1.0 part of trimethylolpropane 
triacrylate as a poly functional monomer, 0.1 part of 
1- [4- (2-hydroxyethoxy) phenyl] -2-hydroxy-2-methyl-l-propan-l 
-one (trade name: "Irgacure 2959", manufactured by Ciba 
5 Specialty Chemicals Co., Ltd.) as a photopolymerization 
initiator, 73.4 parts of polyoxytetramethylene glycol 
(molecular weight: 650; manufactured by Mitsubishi Chemical 
Corporation) as a polyol , and 0.05 part of dibutyltin dilaurate 
as a urethane reaction catalyst. While stirring, 26.6 parts 

10 of xylylene diisocyanate was dripped to the mixture and the 
mixture was allowed to react at 65°C for 2 hours to obtain a 
urethane polymer-acrylic-based monomer mixture. It should be 
noted that the polyisocyanate component/polyol component ratio 
(NCO/OH equivalent ratio) was 1.25. 

15 The urethane polymer-acrylic-based monomer mixture was 

coated on a 100-|Xm thick polyethylene terephthalate (PET) film 
to a thickness after curing of 100 |am. This coating was covered 
with a release-treated PET film (38 [im thick) and the PET film 
covering the coating was irradiated with ultraviolet rays 

20 (illuminance: 163 mW/cm 2 ; quantity of light: 2,100 mJ/cm 2 ) on 
the surface thereof by using a high-pressure mercury lamp to 
cure the coating to form a composite film as a film 3. 
Thereafter, the release-treated PET film covering the coating 
was released to obtain a PET film/composite film multi-layer 

25 sheet. Observation of the obtained multi-layer sheet with 
naked eye indicated no curl. 

(Example 1-2) 
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In a reactor equipped with a condenser, a thermometer, 
and a stirrer were charged 117 parts of N , N-dimethylacrylamide 
and 117.0 parts of acrylic acid as an acrylic-based monomer, 
0.1 part of 

1- [4- (2-hydroxyethoxy) phenyl] -2-hydroxy-2-methyl-l-propan-l 
-one (trade name: "Irgacure 2959", manufactured by Ciba 
Specialty Chemicals Co., Ltd.) as a photopolymerization 
initiator, 73.4 parts of polyoxytetramethylene glycol 

(molecular weight: 650; manufactured by Mitsubishi Chemical 
Corporation) as a polyol, and 0.05 part of dibutyltin dilaurate 
as a urethane reaction catalyst. While stirring, 26.6 parts 
of xylylene diisocyanate was dripped to the mixture and the 
mixture was allowed to react at 65°C for 2 hours to obtain a 
urethane polymer-acrylic-based monomer mixture. It should be 
noted that the polyisocyanate component/polyol component ratio 

(NCO/OH equivalent ratio) was 1.25. 

The urethane polymer-acrylic-based monomer mixture was 
coated on a 100-^im thick ethylene/vinyl acetate copolymer (EVA) 
film to a thickness after curing of 100 |am. This coating was 
covered with a release-treated PET film (38 jam thick) and a 
surface of the PET film covering the coating was irradiated with 
ultraviolet rays (illuminance: 163 mW/cm 2 ; quantity of light: 
2,100 mJ/cm 2 ) by using a high-pressure mercury lamp to cure the 
coating to form a composite film as a film 3. Thereafter, the 
release-treated PET film covering the coating was released to 
obtain an EVA film/composite film multi-layer sheet. 
Observation of the obtained multi-layer sheet with naked eye 
indicated no curl . 
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(Example 1-3) 

In the same manner as in Example 1-1, a urethane 
polymer-acrylic-based monomer mixture was coated to a thickness 
of 100 Jim on a 100-Jim thick PET film. Then, this coating was 
covered with a 38-|im thick, release-non-treated PET film in 
place of the release-treated PET film and a surface of the PET 
film covering the coating was irradiated with ultraviolet rays 
(illuminance: 163 mW/cm 2 ; quantity of light: 2,100 mJ/cm 2 ) by 
using a high-pressure mercury lamp to cure the coating to form 
a composite film as a film 3 as shown in Fig. IB. Thus, a 
multi-layer sheet of PET film/composite film/PET film was 
obtained. Observation of the obtained multi-layer sheet with 
naked eye indicated no curl . 

(Example 1-4) 

In the same manner as in Example 1-2, a urethane 
polymer-acrylic-based monomer mixture was coated to a thickness 
of 100 |im on a 100-fim thick EVA film. Then, this coating was 
covered with a 38-JJ.m thick, release-non-treated PET film in 
place of the release-treated PET film and a surface of the PET 
film covering the coating was irradiated with ultraviolet rays 
(illuminance: 163 mW/cm 2 ; quantity of light: 2,100 mJ/cm 2 ) by 
using a high-pressure mercury lamp to cure the coating to form 
a composite film as a film 3 as shown in Fig. IB. Thus, a 
multi-layer sheet of EVA film/composite film/PET film was 
obtained. Observation of the obtained multi-layer sheet with 
naked eye indicated no curl . 



42 



(Comparative Example 1-1) 

On a 100-um thick EVA film was provided a 15-Um thick 
pressure-sensitive acrylic adhesive layer. On this 

pressure-sensitive adhesive layer was overlaid a lOO-pm thick 
PET film and these were bonded to each other to obtain a laminate . 
The obtained laminate was a multi-layer sheet of EVA 
film/pressure-sensitive adhesive layer/PET film. Observation 
of the obtained multi-layer sheet with naked eye indicated 
occurrence of a curl. 



<Evaluation Tests> 

Multi-layer sheets obtained in Examples 1-1 to 1-4 and 
Comparative Example 1-1 were each provided with a 30-um thick 
pressure-sensitive adhesive layer on one side thereof to 
prepare respective pressure-sensitive adhesive sheets. The 
pressure-sensitive adhesive layer was formed as described below 
That is, first, a blend of 78 parts of ethyl acrylate, 100 parts 
of butyl acrylate, and 40 parts of 2-hydroxyethyl acrylate was 
copolymerized in a toluene solution to obtain an acrylic-based 
copolymer having a number average molecular weight of 300,000. 
Subsequently, the acrylic-based copolymer was subjected to an 
addition reaction with 43 parts of 2-methacryloyloxyethyl 
isocyanate to introduce carbon-to-carbon double bonds in the 
molecular chain. Further, a mixture of 1 part of a 
polyisocyanate crosslinking agent and 3 parts of an 
acetophenones-based photopolymerization initiator per 100 
parts of the obtained polymer was coated on one surface of the 
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multi-layer sheet to form a 30-|im thick pressure-sensitive 
adhesive layer, thereby preparing a pressure-sensitive 
adhesive sheet. The pressure-sensitive adhesive sheet thus 
formed was measured of flexural modulus. Table 1 shows the 
results . 

Next, twenty 8-inch wafers each having a thickness of 625 
(am were provided and the pressure-sensitive adhesive sheets 
obtained as described above were bonded thereto by using 
"DR-8500III" manufactured by Nitto Seiki co . , Ltd. The 
laminates were polished by using a silicon wafer-polishing 
machine manufactured by Disko Co., Ltd. to a thickness of 50 
J^m. The polished products were subjected to the following 
evaluations. Table 1 shows the results. 

It should be noted that for comparison, the same 
evaluations were made on a 100-jam thick PET monolayer sheet and 
a 100-|im thick EVAmonolayer sheet as reference examples . Table 
1 also shows the results of these evaluations. 

(1) Evaluation of curl 

A silicon wafer after polishing of which the 
pressure-sensitive adhesive sheet remained to be bonded thereto 
was placed stationary on a plate with its pressure-sensitive 
adhesive sheet side up. Then, the distance of a part (usually 
a wafer edge) that was remotest from the surface of the plate 
was measured. An average of curls was obtained. Wafers having 
an average curl of 5 mm or less were satisfactory and wafers 
having an average curl of greater than 8 mm were faulty. 

(2) Presence or absence of penetration of water 

Silicon wafers after polishing were released from 
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pressure-sensitive adhesive sheets and the surface of each 
silicon wafer on which the pressure-sensitive adhesive sheet 
was bonded was observed under optical microscopes (two types; 
one with a magnification of 100 times and another with a 
5 magnification of 200 times) . A case where penetration of water 
was observed even only one wafer out of 20 wafers was indicated 
that penetration of water was "present" and a case in where 
penetration of water was observed in none of the wafers was 
indicated that penetration of water was "absent" . 
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As will be apparent from Table 1 , silicon wafers processed 
by using the pressure-sensitive adhesive sheets prepared using 
the multi-layer sheets in Examples 1-1 to 1-4 of the invention 
had a curl of less than 5 mm. None of them showed penetration 
of neither water nor cracks when they were polished to a 
thickness of 50 urn. 

On the other hand, in the case where silicon wafers 
processed to form thin films by using pressure-sensitive 
adhesive sheet having the laminate sheet of Comparative Example 
1-1 as a base material, a curl of the wafers was 15 mm or more 
and thus the wafers were difficult to handle. In Reference 
Example 1-1 in which a pressure-sensitive adhesive sheet with 
a PET single film as a support was used for comparison, 
penetration of water was observed. On the other hand, in the 
case where the pressure-sensitive adhesive sheet of Reference 
Example 1-2 with an EVA monolayer film as a support was used, 
no penetration of water was observed but the curl of the wafers 
was relatively large. 

Example II 
(Example Il-l) 

In a reactor equipped with a condenser, a thermometer, 
and a stirrer were charged 50 . 0 parts of t-butyl acrylate ,30.0 
parts of acrylic acid, and 20.0 parts of butyl acrylate as an 
acrylic-based monomer, o.l part of 

1- [4- (2-hydroxyethoxy) phenyl ] -2-hydroxy-2-methyl-l-propan-l 
-one (trade name: "Irgacure 2959", manufactured by Ciba 
Specialty Chemicals Co., Ltd.) as a photopolymerization 
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initiator, 73.4 parts of polyoxytetramethylene glycol 
(molecular weight: 650; manufactured by Mitsubishi Chemical 
Corporation) as a polyol , and 0.05 part of dibutyltin dilaurate 
as a urethane reaction catalyst. While stirring, 26.6 parts 
of xylylene diisocyanate was dripped to the mixture and the 
mixture was allowed to react at 65°C for 2 hours to obtain a 
urethane polymer-acrylic-based monomer mixture. It should be 
noted that the polyisocyanate component/polyol component ratio 
(NCO/OH equivalent ratio) was 1.25. 

The urethane polymer-acrylic-based monomer mixture was 
coated on a 75-Hm thick PET film to a thickness after curing 
of 100 Mm. Onto a surface of this were irradiated ultraviolet 
rays (illuminance: 163mW/cm 2 ; quantity of light : 2,100 mJ/cm 2 ) 
by using a high-pressure mercury lamp to cure the coating to 
form a composite film on the PET film to obtain a multi-layer 
sheet (support) . 

Then, a blend of 78 parts of ethyl acrylate, 100 parts 
of butyl acrylate, and 40 parts of 2-hydroxyethyl acrylate was 
copolymerized in a toluene solution to obtain an acrylic-based 
copolymer having a number average molecular weight of 300,000. 
Subsequently, the acrylic-based copolymer was subjected to an 
addition reaction with 43 parts of 2-methacryloyloxyethyl 
isocyanate to introduce carbon-to-carbon double bonds in a side 
chain in the molecule. Further, a mixture of 1 part of a 
25 polyisocyanate crosslinking agent and 3 parts of an 
acetophenones-based photopolymerization initiator per 100 
parts of the obtained polymer was coated on one surface of the 
multi-layer sheet to form a 30- m thick pressure-sensitive 
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adhesive layer, thereby preparing a pressure-sensitive 
adhesive sheet. The pressure-sensitive adhesive sheet thus 
formed had a flexural modulus of 32.8 N/mm 2 . 

(Example II-2) 

The urethane polymer-acrylic-based monomer mixture 
prepared in Example II-l was coated on a 100-Um thick PET film 
to a thickness after curing of 100 urn. Onto a surface of this 
were irradiated ultraviolet rays (illuminance: 163 mW/cm 2 ; 
quantity of light: 2,100 mJ/cm 2 ) by using a high-pressure 
mercury lamp to cure the coating to form a composite film on 
the PET film to obtain a multi-layer sheet. 

Then, in the same manner as in Example II-l, a 30-Hm thick 
pressure-sensitive adhesive layer was provided to prepare a 
pressure-sensitive adhesive sheet. The flexural modulus of 
the obtained pressure-sensitive adhesive sheet was 53.5 N/mm 2 . 

(Example II-3) 

In a reactor equipped with a condenser, a thermometer, 
and a stirrer were charged 50.0 parts of t-butyl acrylate, 30.0 
parts of acryloylmorpholine, and 20.0 parts of acrylic acid as 
an acrylic-based monomer, 1.0 part of trimethylolpropane 
triacrylate as a polyf unctional monomer, 0.1 part of 
1- [4- (2-hydroxyethoxy) phenyl ] -2-hydroxy-2-methyl-l-propan-l 
-one (trade name: "Irgacure 2959", manufactured by Ciba 
Specialty Chemicals Co., Ltd.) as a photopolymerization 
initiator, 73.4 parts of polyoxytetramethylene glycol 
(molecular weight: 650; manufactured by Mitsubishi Chemical 



49 



Corporation) as a polyol , and 0 . 05 part of dibutyltin dilaurate 
as a urethane reaction catalyst. While stirring, 26.6 parts 
of xylylene diisocyanate was dripped to the mixture and the 
mixture was allowed to react at 65°C for 2 hours to obtain a 
urethane polymer-acrylic-based monomer mixture. It should be 
noted that the polyisocyanate component/polyol component ratio 
(NCO/OH equivalent ratio) was 1.25. 

The urethane polymer-acrylic-based monomer mixture was 
coated on a 75-|im thick PET film to a thickness after curing 
of 100 fxm. Onto a surface of this were irradiated ultraviolet 
rays (illuminance: 163 mW/cm 2 ; quantity of light : 2,100 mJ/cm 2 ) 
by using a high-pressure mercury lamp to cure the coating to 
form a composite film on the PET film to obtain a multi-layer 
sheet . 

Then, in the same manner as in Example II-l, a 30-jam thick 
pressure-sensitive adhesive layer was provided to prepare a 
pressure-sensitive adhesive sheet. The pressure-sensitive 
adhesive sheet thus formed had a f lexural modulus of 71.2 N/mm 2 . 

(Example II-4) 

The urethane polymer-acrylic-based monomer mixture 
prepared in Example II-3 was coated on a 100-j^m thick PET film 
to a thickness after curing of 100 |im. Onto a surface of this 
were irradiated ultraviolet rays (illuminance: 163 mW/cm 2 ; 
quantity of light: 2,100 mJ/cm 2 ) by using a high-pressure 
mercury lamp to cure the coating to form a composite film on 
the PET film to obtain a multi-layer sheet. 

Then, in the same manner as in Example II-l, a 30-|im thick 
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pressure-sensitive adhesive layer was provided to prepare a 
pressure-sensitive adhesive sheet. The flexural modulus of 
the obtained pressure-sensitive adhesive sheet was 109.2 N/mm 2 . 

(Example II-5) 

The urethane polymer-acrylic-based monomer mixture 
prepared in Example II-3 was coated on a 100-^im thick PET film 
to a thickness after curing of 25 ^m. Onto a surface of this 
were irradiated ultraviolet rays (illuminance: 163 mW/cm 2 ; 
quantity of light: 2,100 mJ/cm 2 ) by using a high-pressure 
mercury lamp to cure the coating to form a composite film on 
the PET film to obtain a multi-layer sheet. 

Then, in the same manner as in Example II-l, a 30-jam thick 
pressure-sensitive adhesive layer was provided to prepare a 
pressure-sensitive adhesive sheet. The flexural modulus of 
the obtained pressure-sensitive adhesive sheet was 174.7 N/mm 2 . 

(Comparative Example II-l) 

In a reactor equipped with a condenser, a thermometer, 
and a stirrer were charged 50.0 parts of t-butyl acrylate, 30.0 
parts of acryloylmorpholine, and 20.0 parts of acrylic acid as 
an acrylic-based monomer, 1.0 part of trimethylolpropane 
triacrylate as a polyf unctional monomer, 0.1 part of 
1- [4- (2-hydroxyethoxy) phenyl ] -2-hydroxy-2-methyl-l-propan-l 
-one (trade name: "Irgacure 2959", manufactured by Ciba 
Specialty Chemicals Co., Ltd.) as a photopolymerization 
initiator, 73.4 parts of polyoxytetramethylene glycol 
(molecular weight: 650; manufactured by Mitsubishi Chemical 
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Corporation) as a polyol , and 0.05 part of dibutyltin dilaurate 
as a urethane reaction catalyst. While stirring, 26.6 parts 
of xylylene diisocyanate was dripped to the mixture and the 
mixture was allowed to react at 65°C for 2 hours to obtain a 
urethane polymer-acrylic-based monomer mixture. It should be 
noted that the polyisocyanate component/polyol component ratio 
(NCO/OH equivalent ratio) was 1.25. 

The urethane polymer-acrylic-based monomer mixture was 
coated on a release-treated surface of a PET film to a thickness 
after curing of 200 ^m. Onto a surface of this were irradiated 
ultraviolet rays (illuminance: 163 mW/cm 2 ; quantity of light: 
2,100 mJ/cm 2 ) by using a high-pressure mercury lamp to cure the 
coating to form a composite film on the PET film, followed by 
releasing and removing the release sheet to obtain a monolayer 
sheet of the composite film. 

Then, in the same manner as in Example II-l, a 30-|im thick 
pressure-sensitive adhesive layer was provided to prepare a 
pressure-sensitive adhesive sheet. The pressure-sensitive 
adhesive sheet thus formed had a flexural modulus of 5.0 N/min 2 . 

(Comparative Example II-2) 

In a reactor equipped with a condenser, a thermometer, 
and a stirrer were charged 100.0 parts of isobornyl acrylate 
as an acrylic-based monomer, 0.1 part of 

1- [4- (2-hydroxyethoxy) phenyl ] -2-hydroxy-2-methyl-l-propan-l 
-one (trade name: "Irgacure 2959", manufactured by Ciba 
Specialty Chemicals Co., Ltd.) as a photopolymerization 
initiator, 73.4 parts of polyoxy tetramethylene glycol 
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(molecular weight: 650; manufactured by Mitsubishi Chemical 
Corporation) as a polyol , and 0.05 part of dibutyltin dilaurate 
as a urethane reaction catalyst. While stirring, 26.6 parts 
of xylylene diisocyanate was dripped to the mixture and the 
mixture was allowed to react at 65°C for 2 hours to obtain a 
urethane polymer-acrylic-based monomer mixture. It should be 
noted that the polyisocyanate component/polyol component ratio 

(NCO/OH equivalent ratio) was 1.25. 

The urethane polymer-acrylic-based monomer mixture was 
coated on a release-treated surface of a PET film to a thickness 
after curing of 200 jam. Onto a surface of this were irradiated 
ultraviolet rays (illuminance: 163 mW/cm 2 ; quantity of light: 
2,100 mJ/cm 2 ) by using a high-pressure mercury lamp to cure the 
coating to form a composite film on the PET film, followed by 
releasing and removing the release sheet to obtain a monolayer 
sheet of the composite film. 

Then, in the same manner as in Example II-l, a 30-|am thick 
pressure-sensitive adhesive layer was provided to prepare a 
pressure-sensitive adhesive sheet. The pressure-sensitive 
adhesive sheet thus formed had a flexural modulus of 6.2 N/mm 2 . 

(Comparative Example II-3) 

A 100-^im thick PET film was provided as a support. 
Then, in the same manner as in Example II-l, a 30-(am thick 
pressure-sensitive adhesive layer was provided to prepare a 
pressure-sensitive adhesive sheet. The pressure-sensitive 
adhesive sheet thus formed had a flexural modulus of 269 . 7 N/mm 2 . 
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(Comparative Example II-4) 

A 175-um thick ethylene/vinyl acetate copolymer 
(EVA) film was provided as a support. Then, in the same manner 
as in Example II-l, a 30-(Xm thick pressure-sensitive adhesive 
layer was provided to prepare a pressure-sensitive adhesive 
sheet. The pressure-sensitive adhesive sheet thus formed had 
a flexural modulus of 10.5 N/mm 2 . 

<Evaluation tests> 

The pressure-sensitive adhesive sheets obtained in 
Examples II-l to II-5 and Comparative Examples II-l to II-4 were 
actually used in polishing wafers and curl, releasability and 
penetration of water of the wafers were evaluated. 

That is, first, twenty 8-inch wafers each having a 
thickness of 625 urn were provided and the pressure-sensitive 
adhesive sheets obtained as described above were bonded thereto 
by using "DR-8500III" manufactured by Nitto Seiki co. , Ltd. The 
laminates were polished by using a silicon wafer-polishing 
machine manufactured by Disko Co., Ltd. to a thickness of 50 
Hm. The polished products were subjected to the following 
evaluations. Table 2 shows the results. It should be noted 
that when the silicon wafers were polished until a thickness 
of 50 urn was reached, number of wafers which showed voids was 
counted and the results are also shown in Table 2. 
(1) Evaluation of curl 

A silicon wafer after polishing to a thickness of up to 
50 urn of which the pressure-sensitive adhesive sheet remained 
to be bonded thereto was placed stationary on a plate with its 
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pressure-sensitive adhesive sheet side up. Then, the distance 
between points at which the height of the wafer became maximal 
was measured as a curl. In this case, the curl was indicated 
in terms of an average of 20 wafers. 

(2) Releasability 

After polishing wafers, a weakly pressure-sensitive 
adhesive sheet was bonded to the rear side of a wafer to release 
and remove a pressure-sensitive adhesive sheet for processing 
from the wafer. On this occasion, the number of wafers of which 
cracks or voids are occurred was obtained as an average of the 
measured values of twenty wafers. 

(3) Presence or absence of penetration of water 

Silicon wafers after polishing were released from 
pressure-sensitive adhesive sheets and the surface of each 
silicon wafer on which the pressure-sensitive adhesive sheet 
was bonded was observed under optical microscopes (two types; 
one with a magnification of 100 times and another with a 
magnification of 200 times) . A case where penetration of water 
was observed even only one wafer out of 20 wafers was indicated 
that penetration of water was "present" and a case in where 
penetration of water was observed in none of the wafers was 
indicated that penetration of water was "absent". 
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As will be apparent from Table 2 , silicon wafers processed 
by using the pressure-sensitive adhesive sheets prepared using 
the multi-layer sheets in Examples II-l to II-5 of the invention 
had a curl of 5 mm or less so that they could be readily housed 
in a housing cassette conventionally used, so that 
transportation operation, etc. are not hindered or no breakage 
occurred in the wafers. Further, when a pressure-sensitive 
adhesive sheet for processing was removed after completion of 
the processing , none the wafers showed cracks or voids . Further , 
none of the wafers showed penetration of water or cracks when 
they .were polished to a thickness of 50 |xm. 

On the other hand, in the case where silicon wafers were 
processed to form thin films by using pressure-sensitive 
adhesive sheet of Comparative Examples II-l and II-2 as well 
as Comparative Example II-4, a curl of the wafers was 10 mm or 
more and thus voids or other defects occurred in the wafers or 
transporting operation or the like was sometimes harmed. 
Further, when the pressure-sensitive adhesive sheet of 
Comparative Example II-3 that had a flexural modulus greater 
than 250 N/mm 2 was used, penetration of water was observed and 
the wafer was broken when the pressure-sensitive adhesive sheet 
was released. 



Example III 

A mixture containing a urethane polymer and an 
acrylic-based monomer was prepared as follows. 
Preparation of a mixture containing a urethane polymer and an 
acrylic-based monomer> 
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(1) Synthesis Example 1: Preparation of Mixture 1 

In a reactor equipped with a condenser, a thermometer, 
and a stirrer were charged 75.0 parts of isobornyl acrylate and 
25 . 0 parts of acrylic acid as an acrylic-based monomer, 0 . 1 part 
of 1-hydroxycyclohexyl phenyl ketone (trade name: "Irgacure 
184", manufactured by Ciba Specialty Chemicals Co., Ltd.) as 
a photopolymerization initiator, 73.4 parts of 
polyoxytetramethylene glycol (molecular weight: 650; 
manufactured by Mitsubishi Chemical Corporation) as a polyol, 
and 0.05 part of dibutyltin dilaurate as a urethane reaction 
catalyst. While stirring, 2 6 . 6 parts of xylylene diisocyanate 
was dripped to the mixture and the mixture was allowed to react 
at 65°C for 2 hours to obtain a urethane polymer-acrylic-based 
monomer mixture. It should be noted that the polyisocyanate 
component/polyol component ratio (NCO/OH equivalent ratio) was 



1.25 



The urethane polymer-acrylic-based monomer mixture was 
coated on a release-treated PET film (38 Mm thick) to a thickness 
after curing of 100 Um. Onto a surface of this were irradiated 
ultraviolet rays (illuminance: 163 mW/cm 2 ; quantity of light: 
2,100 mj/cm 2 ) by using a high-pressure mercury lamp to cure the 
coating to prepare a composite film of urethane-acrylic 
composite film. The obtained composite film had a storage 
modulus at 25°C of 3.8xl 0 6 Pa and a storage modulus at 100°C of 
1.2x10 s Pa. 

(2) Synthesis Example 2: Preparation of Mixture 2 

in a reactor equipped with a condenser, a thermometer, 
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and a stirrer were charged 75.0 parts of methyl acrylate and 
75.0 parts of acrylic acid as an acrylic-based monomer, 0.15 
part 

of 

1- [4- (2-hydroxyethoxy) phenyl ] -2-hydroxy-2-methyl-l-p r0 pan-l 
-one (trade name: "Irgacure 2959", manufactured by Ciba 
Specialty Chemicals Co., Ltd.) as a photopolymerization 
initiator, 73.4 parts of polyoxytetramethylene glycol 
(molecular weight: 650; manufactured by Mitsubishi Chemical 
Corporation) as a polyol , and 0 . 05 part of dibutyltin dilaurate 
as a urethane reaction catalyst. While stirring, 26.6 parts 
of xylylene diisocyanate was dripped to the mixture and the 
mixture was allowed to react at 65°C for 2 hours to obtain a 
urethane polymer-acrylic-based monomer mixture . it should be 
noted that the polyisocyanate component/polyol component ratio 
(NCO/OH eguivalent ratio) was 1.25. 

The urethane polymer-acrylic-based monomer mixture was 
coated on a release-treated PET film (38 Urn thick) to a thickness 
after curing of 100 m . Onto a surface of this were irradiated 
ultraviolet rays (illuminance: 163 mW/cm 2 ; quantity of light: 
2,100 mj/cm 2 ) by using a high-pressure mercury lamp to cure the 
coating to prepare a composite film of urethane-acrylic 
composite film. The obtained composite film had a storage 
modulus at 25°C of 5.3x10* Pa and a storage modulus at 100°C of 
1.9xio 6 Pa. 

(3) Synthesis Example 3: Preparation of Mixture 3 

in a reactor equipped with a condenser, a thermometer, 
and a stirrer were charged 50.0 parts of t-butyl acrylate and 
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-i • ,^^ri a « an acrvlic-basedmonoraer, 0.1 part 
50 . 0 parts of acrylic acid as an acryj.ii. ^ 

. ■ a +o 3=; a nolvf unctional monomer, 

of trimethylolpropane triacrylate as a poiyj-u 

0.15 P artS ° f 

1- [4- (2-hydroxyethoxy) phenyl ] -2-hydroxy-2-methyl-l-propan-l 

-one (trade name: "Irgacure 2959", manufactured by Ciba 
Specialty Chemicals Co., Ltd.) as a photopolymerization 
initiator, 73.4 parts of polyoxytetramethylene glycol 
(molecular weight: 650; manufactured by Mitsubishi Chemical 
Corporation) as a polyol , and 0 . 05 part of dibutyltin dilaurate 
as a urethane reaction catalyst. While stirring, 26.6 parts 
of xylylene diisocyanate was dripped to the mixture and the 
mixture was allowed to react at 65°C for 2 hours to obtain a 
urethane polymer-acrylic-based monomer mixture . It should be 
noted that the polyisocyanate component/polyol component ratio 
(NCO/OH equivalent ratio) was 1.25. 

The urethane polymer-acrylic-based monomer mixture was 
coated on a release-treated PET film (38 ^m thick) to a thickness 
after curing of 100 Urn. Onto a surface of this were irradiated 
ultraviolet rays (illuminance: 163 mW/cm 2 ; quantity of light: 
2,100 mJ/cm 2 ) by using a high-pressure mercury lamp to cure the 
coating to prepare a composite film of urethane-acrylic 
composite film. The obtained composite film had a storage 
xiulus at 25°C of 3.2xl0 6 Pa and a storage modulus at 100°C of 



moc 



1.9x10 s Pa. 



(4) Synthesis Example 4: Preparation of Mixture 4 

in a reactor equipped with a condenser, a thermometer, 
and a stirrer were charged 75.0 parts of butyl acrylate and 25 . 0 
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parts of acrylic acid as an acrylic-based monomer, 0.15 parts 
of 

1- [4- (2-hydroxyethoxy) phenyl ] -2-hydroxy-2-methyl-l-propan-l 
-one (trade name: "Irgacure 2959", manufactured by Ciba 
Specialty Chemicals Co., Ltd.) as a photopolymerization 
initiator, 73.4 parts of polyoxytetramethylene glycol 
(molecular weight: 650; manufactured by Mitsubishi Chemical 
Corporation) as a polyol , and 0.05 part of dibutyltin dilaurate 
as a urethane reaction catalyst. While stirring, 26.6 parts 
of xylylene diisocyanate was dripped to the mixture and the 
mixture was allowed to react at 65°C for 2 hours to obtain a 
urethane polymer-acrylic-based monomer mixture. It should be 
noted that the polyisocyanate component/polyol component ratio 
(NCO/OH equivalent ratio) was 1.25. 

The urethane polymer-acrylic-based monomer mixture was 
coated on a release-treated PET film (38 M-m thick) to a thickness 
after curing of 100 |^m. Onto a surface of this were irradiated 
ultraviolet rays (illuminance: 163 mW/cm 2 ; quantity of light: 
2,100 mJ/cm 2 ) by using a high-pressure mercury lamp to cure the 
coating to prepare a composite film of urethane-acrylic 
composite film. The obtained composite film had a storage 
modulus at 25°C of 6.4xl0 5 Pa and a storage modulus at 100°C of 
2.3xl0 5 Pa. 



(Example III-l) 

As first films were provided three kinds of films having 

different thicknesses, i.e., 50 ym, 100 \im and 150 ^m as shown 
in Table 3. That is, polypropylene films having a storage 
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modulus at 25°C of 4.0xl0 9 Pa (thicknesses: 50 Mm, 100 Mm and 
150 Mm) were provided. On one surface of each polypropylene 
film was coated Mixture 1 composed of the urethane polymer and 
acrylic-based monomer obtained in Synthetic Example 1 to a 
thickness after curing of 50 Mm, 100 Mm or 150 Mm as shown in 
Table 3 and cured by irradiating ultraviolet rays (illuminance : 
163 mW/cm 2 ; quantity of light: 2,100 mJ/cm 2 ) by using a 
high-pressure mercury lamp to cure the coating to form a 
composite film on the first film to prepare a support having 
a layer structure of first film/composite film. 

Then, a blend of 78 parts of ethyl acrylate, 100 parts 
of butyl acrylate, and 40 parts of 2-hydroxyethyl acrylate was 
copolymerized in a toluene solution to obtain an acrylic-based 
copolymer having a number average molecular weight of 300,000. 
Subsequently, the acrylic-based copolymer was subjected to an 
addition reaction with 43 parts of 2-methacryloyloxyethyl 
isocyanate to introduce carbon-to-carbon double bonds in the 
molecular chain. Further, a mixture of 1 part of a 
polyisocyanate crosslinking agent and 3 parts of an 
acetophenones-based photopolymerization initiator per 100 
parts of the obtained polymer was coated on the surface of the 
composit film to form a 30-Mm thick pressure-sensitive adhesive 
layer, thereby preparing a pressure-sensitive adhesive sheet. 

(Example III-2) 

As supports were provided three kinds of PET films having 
different thicknesses, i.e., 50 Mm, 100 Mm and 150 Mm as shown 

g 

in Table 3 . The PET films had a storage modulus at 25°C of 7.2x10 
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Pa. On one surface of each PET film was coated Mixture 2 
composed of the urethane polymer and acrylic-based monomer 
obtained in Synthetic Example 2 to a thickness after curing of 
50 |^m, 100 jam or 150 ^m as shown in Table 3 and cured by 
irradiating ultraviolet rays (illuminance: 163 mW/cm 2 ; 
quantity of light: 2,100 mJ/cm 2 ) by using a high-pressure 
mercury lamp to cure the coating to form a composite film on 
the PET film to prepare a support having a layer structure of 
first film/composite film. 

Then, a blend of 78 parts of ethyl acrylate, 100 parts 
of butyl acrylate, and 40 parts of 2-hydroxyethyl acrylate was 
copolymerized in a toluene solution to obtain an acrylic-based 
copolymer having a number average molecular weight of 300,000. 
Subsequently, the acrylic-based copolymer was subjected to an 
addition reaction with 43 parts of 2-methacryloyloxyethyl 
isocyanate to introduce carbon-to-carbon double bonds in the 
molecular chain. Further, a mixture of 1 part of a 
polyisocyanate crosslinking agent and 3 parts of an 
acetophenones-based photopolymerization initiator per 100 
parts of the obtained polymer was coated on one surface of the 
multi-layer sheet to form a 30-^m thick pressure-sensitive 
adhesive layer, thereby preparing a pressure-sensitive 
adhesive sheet. 

(Example III-3) 

As first films were provided three kinds of PET films 
having different thicknesses, i.e., 50 jam, 100 Urn and 150 J^m 
as shown in Table 3. The PET films had a storage modulus at 
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25°C of 7.2xl0 9 Pa. On one surface of each PET film was coated 
Mixture 3 composed of the urethane polymer and acrylic-based 
monomer obtained in Synthetic Example 3 to a thickness after 
curing of 50 pm, 100 |Xm or 150 M-m as shown in Table 3 and cured 
5 by irradiating ultraviolet rays (illuminance: 163 mW/cm 2 ; 
quantity of light: 2,100 mJ/cm 2 ) by using a high-pressure 
mercury lamp to cure the coating to form a composite film on 
the PET film to prepare a support having a layer structure of 
first film/composite film. 

10 Then, a blend of 78 parts of ethyl acrylate, 100 parts 

of butyl acrylate, and 40 parts of 2-hydroxyethyl acrylate was 
copolymerized in a toluene solution to obtain an acrylic-based 
copolymer having a number average molecular weight of 300,000. 
Subsequently, the acrylic-based copolymer was subjected to an 

15 addition reaction with 43 parts of 2-methacryloyloxyethyl 
isocyanate to introduce carbon-to-carbon double bonds in the 
molecular chain. Further, a mixture of 1 part of a 
polyisocyanate crosslinking agent and 3 parts of an 
acetophenones-based photopolymerization initiator per 100 

20 parts of the obtained polymer was coated on one surface of the 
multi-layer sheet to form a 30-|J-m thick pressure-sensitive 
adhesive layer, thereby preparing a pressure-sensitive 
adhesive sheet. 

25 (Comparative Example III-l) 

As first films were provided three kinds of PET films 
having different thicknesses (i.e., 50 \im, 100 pm and 150 pm) 
as shown in Table 4. The PET films had a storage modulus at 
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25°C of 7.2X10 9 Pa. On one surface of each PET film was coated 
a blend of 78 parts of ethyl acrylate ,100 parts of butyl acrylate , 
and 40 parts of 2-hydroxyethyl acrylate was copolymer! zed in 
a toluene solution to obtain an acrylic-based copolymer having 
a number average molecular weight of 300,000. Subsequently, 
the acrylic-based copolymer was subjected to an addition 
reaction with 43 parts of 2-methacryloyloxyethyl isocyanate to 
introduce carbon-to-carbon double bonds in the molecular chain . 
Further, a mixture of 1 part of a polyisocyanate crosslinking 
agent and 3 parts of an acetophenones-based photopolymerization 
initiator per 100 parts of the obtained polymer was coated on 
one surface of the multi-layer sheet to form a 30-^m thick 
pressure-sensitive adhesive layer, thereby preparing a 
pressure-sensitive adhesive sheet. 

(Comparative Example III-2) 

As first films were provided three kinds of EVA films 
having different thicknesses (i.e., 50 urn, 100 \im and 150 urn) 
as shown in Table 4. The EVA films had a storage modulus at 
25°C of 9.5X10 7 Pa. On one surface of each EVA film was coated 
the acrylic-based pressure-sensitive adhesive prepared in 
Example III-l in the same manner as in Comparative Example III-l 
to form a pressure-sensitive adhesive layer to prepare a 
pressure-sensitive adhesive sheet. 

(Comparative Example III-3) 

As first films were provided three kinds of PET films 
having different thicknesses (i.e., 50 Urn, 100 ym and 150 ym) 
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as shown in Table 4. The PET firms had a storage modulus at 
25°C of 7 . 2xl0 9 Pa . On one surface of each PET film was provided 
a soft polyvinyl chloride film layer by a T-die method (cf . Table 
4: thicknesses; 50 lira, 100 [im and 150 |^m) . The flexible 
polyvinyl chloride films had a storage modulus at 25°C of 2 . 8*10 8 
Pa and a storage modulus at 100°C of 2.3xl0 6 Pa. 

Then, the acrylic-based pressure-sensitive adhesive 
prepared in Example III-l was coated on the flexible polyvinyl 
chloride film in the same manner as in Comparative Example III-l 
to form a pressure-sensitive adhesive layer to prepare a 
pressure-sensitive adhesive sheet. 

(Comparative Example III-4) 

Mixture 3 composed of the urethane polymer and the 
acrylic-based monomer obtained in Synthesis Example 3 was 
coated on a polyester sheet (release sheet) to form sheets 
composed of a composite film having a thickness of 50 |^m, 100 
\im or 150 |^m. 

Then, a blend of 78 parts of ethyl acrylate, 100 parts 
of butyl acrylate, and 40 parts of 2-hydroxyethyl acrylate was 
copolymerized in a toluene solution to obtain an acrylic-based 
copolymer having a number average molecular weight of 300,000. 
Subsequently, the acrylic-based copolymer was subjected to an 
addition reaction with 43 parts of 2-methacryloyloxyethyl 
isocyanate to introduce carbon-to-carbon double bonds in the 
molecular chain. Further, a mixture of 1 part of a 
polyisocyanate crosslinking agent and 3 parts of an 
acetophenones-based photopolymerization initiator per 100 
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parts of the obtained polymer (the acrylic-based 
pressure-sensitive adhesive prepared in Example III-l) was 
coated on one surface of the multi-layer sheet to form a 30-|J.m 
thick pressure-sensitive adhesive layer, thereby preparing a 
5 pressure-sensitive adhesive sheet. 

(Example III-4) 

As first films were provided three kinds of PET films 
having different thicknesses, i.e., 50 |im, 100 |im and 150 (J-m 

10 as shown in Table 4. The PET films had a storage modulus at 
25°C of 7.2xl0 9 Pa. On one surface of each PET film was coated 
Mixture 4 composed of the urethane polymer and acrylic-based 
monomer obtained in Synthetic Example 4 to a thickness after 
curing of 50 |^m, 100 jam or 150 M-m as shown in Table 4 and cured 

15 by irradiating ultraviolet rays (illuminance: 163 mW/cm 2 ; 
quantity of light: 2,100 mJ/cm 2 ) by using a high-pressure 
mercury lamp to cure the coating to form a composite film on 
the PET film to prepare a support having a layer structure of 
first f ilm/composite film. 

20 Then, a blend of 78 parts of ethyl acrylate, 100 parts 

of butyl acrylate, and 40 parts of 2-hydroxyethyl acrylate was 
copolymerized in a toluene solution to obtain an acrylic-based 
copolymer having a number average molecular weight of 300,000. 
Subsequently, the acrylic-based copolymer was subjected to an 

25 addition reaction with 43 parts of 2-methacryloyloxyethyl 
isocyanate to introduce carbon-to-carbon double bonds in the 
molecular side chain. Further, a mixture of 1 part of a 
polyisocyanate crosslinking agent and 3 parts of an 
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acetophenones-based photopolymerization initiator per 100 
parts of the obtained polymer was coated on one surface of the 
multi-layer sheet to form a 30-|J,m thick pressure-sensitive 
adhesive layer, thereby preparing a pressure-sensitive 
5 adhesive sheet. 

<E valuation tests> 

The pressure-sensitive adhesive sheets obtained in 
Examples III-l to III-4 and Comparative Examples III-l to III-4 

10 were evaluated. 

That is, first, twenty 8-inch wafers each having a 
thickness of 625 |Jjn were provided and the pressure-sensitive 
adhesive sheets obtained as described above were bonded thereto 
by using "DR-8500III" manufactured by Nitto Seiki co . , Ltd. The 

15 laminates were polished by using a silicon wafer-polishing 
machine manufactured by Disko Co., Ltd. to a thickness of 50 
(im. The results of the evaluation tests are shown in Table 3 
or 4. The respective pressure-sensitive adhesive sheets were 
measured of flexural moduli. The results are also shown in 

20 Table 3 or 4 . 

(1) Evaluation of curl 

A silicon wafer after polishing to a thickness of up to 
50 |^im of which the pressure-sensitive adhesive sheet remained 
to be bonded thereto was placed stationary on a plate with its 

25 pressure-sensitive adhesive sheet side up. Then, the distance 
between points at which the height of the wafer became maximal 
was measured as a curl. In this case, the curl was indicated 
in terms of an average of 20 wafers. 
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(2) Evaluation of sag 

A silicon wafer after polishing wafers still having 
pressure-sensitive adhesive sheet was housed in a 6-inch 
wafer-housing cassette with the wafer side up. For the bent 
silicon wafers due to self-weight, a distance between the 
highest part and the sagging lowest part of the wafer was defined 
as a sag amount. A wafer having a sag amount of less than 10 
mm was indicated by a symbol "O", a wafer having a sag amount 
of 10 mm or more and less than 20 mm was indicated by a symbol 
"A", and a wafer having a sag amount of more than 20 mm was 
indicated by a symbol "X". 

(3) Breakage of wafers 

Number of wafers in which cracks occurred during the 
polishing was counted. 

(4) Presence or absence of penetration of water 

Silicon wafers after polishing were released from 
pressure-sensitive adhesive sheets and the surface of each 
silicon wafer on which the pressure-sensitive adhesive sheet 
was bonded was observed under optical microscopes (two types; 
one with a magnification of 100 times and another with a 
magnification of 200 times) . A case where penetration of water 
was observed even only one wafer out of 20 wafers was indicated 
that penetration of water was "present" and a case in where 
penetration of water was observed in none of the wafers was 
indicated that penetration of water was "absent". 
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Table 4 





First 
Film 
(/ira) 


Compo 
-site 
Film 
( M m) 


Flexural 
Modulus 
(N/mm) 


Curl 
(mm) 


Sag 


Wafer 
Breakage 
(Number) 


Penet-ra 
tion of 
Water 


Comparati- 
ve Example 

m-i 


50 




172 . 4 


10 


A 


1 1 


Present 


100 


269.2 


7 


/ V 

o 


1 5 


Present 


150 


216.2 


5 


o 


1 4 


Present 


Comparati- 
ve Example 
ffl-2 


50 


- — 


34.5 


28 


X 


2 


Absent 


100 


16.1 


14 


X 


1 


Absent 


150 


15.1 


10 


X 


1 


Absent 


Comparati- 
ve Example 

m-3 


50 


50 


48 .2 


5 


A 


8 


Absent 


100 


21.2 


3 


O 


9 


Absent 


150 


13 . 1 


2 


O 


9 


Absent 


100 


50 


118. 0 


2 


O 


9 


Absent 


100 


62 .4 


1 


O 


1 0 


Absent 


150 


37.4 


1 


O 


1 2 


Absent 


150 


50 


112.4 


0 


o 


1 3 


Present 


100 


65.9 


0 


o 


1 1 


Absent 


150 


41.8 


0 


o 


1 2 


Absent 


Comparati- 
ve Example 

in- 4 




50 


17.2 


30 


X 


2 


Absent 


100 


8.0 


24 


X 


2 


Absent 


150 


6.1 


17 


X 


1 


Absent 


Example 

in-4 


50 


50 


40 . 2 


8 


A 


3 


Absent 


100 


16.6 


8 


A 


4 


Absent 


150 


9.4 


7 


O 


3 


Absent 


100 


50 


102.9 


5 


O 


4 


Absent 


100 


50.1 


4 


O 


4 


Absent 


150 


28.5 


4 


O 


3 


Absent 


150 


50 


104. 5 


3 


O 


6 


Absent 


100 


58 .7 


3 


O 


4 


Absent 


150 


36.3 


3 


O 


3 


Absent 
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As will be apparent from Tables 3 and 4, silicon wafers 
processed by using the pressure-sensitive adhesive sheets of 
Examples III-l to III-3 of the present invention that are 
pressure-sensitive adhesive sheets having a composite film and 
a film made of a material different from the material of the 
composite film in which the composite film has a storage modulus 
at 25°C of less than 2. OxlO 8 Pa and a storage modulus at 100°C 
of 3.0x10 s Pa or more and in which the first film has a storage 
modulus at 25°C of 2 . OxlO 8 Pa or more have curls of 5 mm or less 
and sags of less than 20 mm. When these wafers were polished 
to a thickness of 50 |um, none of them showed cracks (wafer 
breakage ratio: 0%). Note that the silicon wafers processed 
by using the pressure-sensitive adhesive sheet of Example 111-4 
in which the composite film has a storage modulus at 100°C of 
less than 3. OxlO 5 Pa showed no penetration of water and had a 
curl of 8 mm or less and a sag of less than 10 mm as well as 
a wafer breakage number during polishing of 3 to 6 (wafer 
breakage ratio: 30% or less) . Here, comparison between 
Examples III-l to III-3 and Example III-4 indicates that the 
pressure-sensitive adhesive sheet in which the composite film 
has a storage modulus at 25°C of less than 2 . OxlO 8 Pa and a storage 
modulus at 100°C of 3. OxlO 5 Pa or more and in which the first 
film has a storage modulus at 25°C of 2 . OxlO 8 Pa or more enables 
processing without causing breakage of even a single wafer. 

On the other hand, as will be apparent from Table 4, when 
silicon wafers were processed into thin films by using the 
pressure-sensitive adhesive sheets of Comparative Examples 
III-l and III-3, eight or more wafers suffered breakage (wafer 
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breakage ratio: 40% or more) . On the other hand, in the case 
of the pressure-sensitive adhesive sheets of Comparative 
Examples III-2 and III-4 in which one of the composite film and 
the first film was absent, the silicon wafers had a large curl 
and large sag. Therefore, they had defects in evaluations of 
at least one of curl, sag and wafer breakage. 

As described in detail in the foregoing, according to the 
present invention, optimal numerical ranges of f lexural modulus , 
storage modulus and so forth of pressure-sensitive adhesive 
sheets for processing precision parts and other articles can 
be recognized. Use of a support having a composite film 
containing a urethane polymer and a vinyl-based polymer as 
effective components makes it easy to adjust the 
characteristics of a pressure-sensitive adhesive sheet, such 
as f lexural modulus and storage modulus. Further, presence of 
a composite film in the pressure-sensitive adhesive sheet 
allows adopting a multi-layer construction of the 
pressure-sensitive adhesive sheet. Further, use of a 
composite film enables formation of a satisfactory laminate 
without using solvents such as methyl ethyl ketone, so that no 
environmental pollution arises. 

According to the present invention, there are provided 
a pressure-sensitive adhesive sheet that prevents the breakage 
and contaminations of products such as semiconductor products 
and optical products when the products are processed and that 
prevents occurrence of an unacceptable sag or curl and a method 
of producing such pressure-sensitive adhesive sheets as well 
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as multi-layer sheets suitable for use in such 
pressure-sensitive adhesive sheets. For example, polishing 
such semiconductor wafers after application of the 
pressure-sensitive adhesive sheet of the present invention to 
thin semiconductor wafers can reduce number of broken wafers. 
Further, use of the pressure-sensitive adhesive sheets of the 
present invention can cause less sag in the semiconductor wafers 
and reduce the curl of the semiconductor wafers due to the 
residual stress of the pressure-sensitive adhesive sheet, so 
that the semiconductor wafers can be housed in a specifically 
designed housing case. As a result, there occurs no harm in 
transportation or other operations. 

Polishing performed by using the pressure-sensitive 
adhesive sheets of the present invention causes no breakage of 
wafers when a pressure-sensitive weakly adhesive sheet (sheet 
for releasing) is applied to the pressure-sensitive adhesive 
sheet after the polishing of the wafer and the 
pressure-sensitive weakly adhesive sheet is pulled to peel the 
pressure-sensitive adhesive sheet from the wafer. 

The present invention may be embodied in other specific 
forms without departing from the spirit or essential 
characteristics thereof. The present embodiment is therefore 
to be considered in all respects as illustrative and not 
restrictive, the scope of the invention being indicated by the 
appended claims rather than by the foregoing description and 
all changes which come within the meaning and range of 
equivalency of the claims are therefore intended to be embraced 
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therein . 
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